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Summary 
Two examples of the introduction of non-indigenous invasive species are reviewed: the 
grey squirrel in Europe (United Kingdom, Ireland and Italy) and the brushtail possum in 
New Zealand. Both have become very successful in their respective non-native habitats 
since their introductions in the mid to late 19th Century. Both species impact 
extensively on native biodiversity, environmental sustainability, forestry, and 
agriculture through a range of direct and indirect mechanisms. Management is currently 
mainly by lethal control, namely poisoning, trapping and shooting. Such methods of 
control are, however, increasingly contentious for both species, and alternative, non-
lethal methods of population control, e.g. fertility control, are being developed. The case 
studies highlight many of the issues in invasive animal control; for example, prevention 
being better than control, lack of good understanding of impacts and the success of 
control measures on reducing impacts, interactive impacts on native biodiversity and 
ecosystems, the telling influence of public opinion on management options and, lastly, 
the need to better inform and educate the public. 
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A tale of introductions, damage and disease: the North 
American grey squirrel abroad 
Background 
The American grey squirrel (Sciurus carolinensis [26, 39]: Rodentia, Sciuridae) is a 
medium-sized tree squirrel (430 g to 720 g) native to the eastern United States and 
southern Canada. The grey squirrel typically inhabits dense broadleaved woods, but is 
also found in broadleaf/conifer mixes, pure conifer stands with nearby broadleaf woods, 
and urban parks, gardens and hedgerows (28). Grey squirrels feed predominantly on tree 
seeds, especially acorn, beech, chestnut and other large broadleaf seeds (28). Annual 
fluctuations in squirrel densities are linked to changes in tree seed supplies (27). Besides 
tree seeds, grey squirrels also eat fruit, flowers, buds, shoots, fungi and animal matter, 
particularly at times when seed crops are small (54). 
Grey squirrels are polygamous. Up to two litters can be produced in a year, with the 
likelihood of a second litter determined by food availability and how early in the season 
the first litter is produced. The young are weaned at about 10 weeks (87, 91). Dispersal 
mainly occurs in the autumn or spring, and is usually by juveniles or yearlings, and 
male-biased. Young females form female kin groups and are more likely to remain 
within their mother’s home range (31). Juvenile survival is between 0% and 50%, with 
subsequent annual adult survival around 50% to 80%. The main mortality factors for 
grey squirrels are starvation and severe weather, with control or hunting, road casualties 
and predation, e.g. by foxes, goshawks and stoats, also important (28). 
Translocations 
The grey squirrel is one of the most ‘travelled’ tree squirrels worldwide, with numerous 
artificial translocations both within North America (e.g. California, Oregon and British 
Colombia), as well as overseas to the United Kingdom (UK), Ireland, Italy, Australia 
(failed) and South Africa (6, 38, 44, 52, 53, 72). Within Great Britain alone there were 
33 recorded introductions and translocations of grey squirrels between 1876 and 1929 
(52). A further introduction from the UK to Ireland occurred in 1911 (85). A systematic 
review of tree squirrel introductions, combined with a population viability analysis, 
Rev. sci. tech. Off. int. Epiz., 29 (2) 3 
Lawton et al grey squirrel brushtail possum2  3/20 
indicated that tree squirrels are able to establish viable populations in new habitats with 
relatively few founders (93). Fifty-nine out of 74 (79.7%) grey squirrel introductions 
recorded worldwide were successful (5). In 20 out of 28 (71.4%) successful cases for 
which the number of founders was known, fewer than 10 individuals were released. 
Grey squirrels are considered a serious forest pest species in some countries and are 
listed as one of the world’s 100 worst invasive species (25, 46). The populations in 
Europe are of particular concern, as grey squirrels there continue to expand their range, 
are causing significant damage to crops and forests, and are replacing the native 
European red squirrel, Sciurus vulgaris (47). Populations in Italy are predicted to 
expand into Switzerland and France in the near future and from there to the rest of 
Europe and beyond (7, 48). This would represent a serious threat to native biodiversity 
and for the survival of the native red squirrel throughout its range. There is, thus, an 
urgent need for a co-ordinated European approach to grey squirrel management. 
Impacts on the environment and biodiversity 
Grey squirrels are considered a pest in their introduced range for several reasons: their 
impact on silviculture through damage to trees, specifically bark stripping, their impact 
on agricultural crops such as maize (Italy), their role in the decline of the native 
European red squirrel and their suggested impact on woodland bird communities (23, 
28, 47, 73). 
Bark stripping occurs in broadleaf woods typically in the spring. Significant damage, 
mostly in deciduous forests, occurs mainly between April and September when bark 
may be stripped from the base, stems or crowns of trees. Whilst small areas of damage 
may scar over, this may still lower the economic value and quality of the timber and 
allow disease organisms to enter the wood. Ring-barking behaviour on upper parts of 
the tree can weaken the branches and leave them susceptible to being snapped off by the 
wind. A large number of tree species are affected, although certain species are more 
susceptible to damage (e.g. beech and sycamore [40]). Pole-stage trees (age 10 to 40 
years) are the most vulnerable (28, 51, 57). Forestry Commission data for the UK 
suggest that 5% of affected trees may die, with a significant proportion having reduced 
timber quality through stem deformation, introduced diseases or broken tree tops (51). 
Reasons for bark stripping remain unclear, but it is thought to be triggered by food 
shortage, or agonistic behaviour of young male squirrels (36). Damage reduces the 
value of amenity woodland as well as that of economic crops. If suitable grey squirrel 
habitat is present, damage can also occur to gardens, arable crops and orchards (28). 
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The spread of the grey squirrel in the UK, Ireland and Italy has been associated with a 
decline in the distribution of the native red squirrel. This is caused partly by competition 
between the two species for limited food resources. This competition is not interference-
based (86), as red squirrels do not avoid greys, and in fact show greater core area 
overlap with greys than conspecifics (89). There is little evidence of niche partitioning 
in areas where the two species occur sympatrically, leading to direct resource 
competition when resources are limited (88). There is little impact on adult red squirrel 
residency or population turnover from this competition, but juvenile recruitment and 
body growth (87, 89), and breeding in female red squirrels (30), are reduced. Grey 
squirrels are also thought to pilfer scatter-hoarded food caches of red squirrels, leading 
to those reds with large core area overlaps with greys showing a reduced body mass in 
the spring (90). 
Grey squirrels feed occasionally on birds’ eggs and fledgling birds (54). There is some 
anecdotal evidence that bird nest predation can be reduced by grey squirrel population 
control. Grey squirrels may also compete for resources with seed-feeding birds such as 
finches (32). 
Like all wild animals, grey squirrels are affected by disease as well as internal and 
external parasites (28, 47). Disease monitoring is patchy and no systematic, 
comprehensive monitoring or screening of squirrel populations occurs. Grey squirrels 
act as a reservoir host to a poxvirus (squirrel pox virus) that is asymptomatic in grey 
squirrels (71), but causes high mortality in red squirrels (29). Modelling studies and the 
mapping of observed cases have shown this disease to have a crucial role in the loss of 
red squirrels (68, 70, 79). Rates of decline can be 17 to 25 times higher in areas where 
the poxvirus is a factor (68). Serum samples from grey squirrels in the United States 
contain poxvirus antibodies, suggesting the disease was brought in with the introduced 
grey squirrel (50). Not all grey squirrel populations carry the virus (29). Grey squirrels 
have also tested positive for bovine tuberculosis (Mycobacterium bovis) infection; 
however, the potential risk of disease transmission from grey squirrels to cattle is 
considered to be very low (17). 
Management 
Grey squirrel populations in Europe are controlled to reduce economic damage to 
forests and detrimental impacts on native wildlife (32, 47). Whilst costs for grey squirrel 
management, which include equipment, bait, labour, etc., are relatively easy to measure, 
their impacts on timber production as well as on biodiversity and native species are 
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much more difficult to quantify. In 2003, the damage to beech, sycamore and oak 
woodlands alone in the UK was estimated to be £10 million (1). 
Grey squirrel control operations for timber protection and the conservation of native red 
squirrels in the UK are often considered together. However, they differ significantly in 
geographic location, timing, methodology and scale. Control for tree damage prevention 
aims to reduce local squirrel densities below levels at which damage occurs (< 5 ha –1). 
Grey squirrel populations readily recover from culls, but the population can be reduced 
to coincide with the annual period of greatest damage (other population demographics, 
such as breeding, age profile and sex profile may be impacted for a longer period by 
culling) (41). The main methods used in the UK vary according to whether or not red 
squirrels are present: poisoning (using the anticoagulant Warfarin in special feeding 
hoppers) where red squirrels are absent, and cage trapping or shooting where they are 
present. This large-scale approach contrasts with grey squirrel control for red squirrel 
conservation, which aims to remove all grey squirrels throughout the year, in and 
around local designated red squirrel conservation areas (67). In Italy, grey squirrel 
eradication was attempted in 1997 in Piedmont, but it was stopped by a legal battle with 
animal rights activists, when after a three-year struggle in the Courts, the eradication 
campaign collapsed (24). The species has since significantly expanded its range and 
eradication is no longer considered feasible. 
A disastrous success: the common brushtail possum in New 
Zealand 
Background 
The common brushtail possum (Trichosurus vulpecula [38]: Diprotodontia, 
Phalangeridae), which can weigh between 1.3 kg and 3.5 kg, is an arboreal, hole-
nesting, folivorous marsupial, endemic to mainland Australia, Tasmania, and some 
offshore islands (74). It has the widest distribution of any marsupial in Australia. Its 
preferred habitat is open forest and woodland, but it is found in a wide variety of 
vegetation types (37) and it has colonised urban areas successfully (65, 76). Possums 
are a highly adaptable species. Although leaves comprise most of the diet, a wide 
variety of other foods are eaten, including fruits, vegetables, flowers, fungi, insects, and 
small birds (14). They do not build nests but use available cover below, on, or above 
ground, especially tree hollows. They are seasonal breeders, giving birth to a single 
young in Autumn (March to May). Some populations have a second period of births in 
Spring (September to November) and, in tropical areas and some urban areas, young 
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may be born year round (22). Possums are largely solitary, occupying home ranges of 
between 1 ha and 10 ha (15). These overlap extensively, both between and within sexes, 
only limited areas are defended, and social structure appears to be based primarily on 
dominance relationships between individuals with overlapping ranges (16). Natural 
dispersal involves primarily juvenile animals, predominantly males, which may move 
up to 42 km (average 5 km) from their natal areas (15). 
Translocations 
Although possums are found in zoos worldwide, and have been exported from New 
Zealand to Japan and France as pets, the only free-living, invasive populations are in 
New Zealand. Possums were introduced deliberately to establish a fur trade similar to 
that flourishing in Australia at the time. The first successful liberation was in 1858. 
Introductions continued in the second half of the 19th Century and early 20th Century, 
and about 200 to 300 individuals in total were imported from Victoria and New South 
Wales (42%) and Tasmania (58%), mostly between 1890 and 1900 (66, 92). Their 
spread was accelerated greatly by additional liberations of captive-bred progeny, people 
moving possums from one area to another, and protection afforded by their legal status 
(11). About half of the approximately 400 additional liberations were carried out by the 
acclimatisation societies and private individuals (in equal proportions) acting with 
official government approval, and the rest by private individuals acting without official 
sanction (66). Today possums occupy more than 95% of New Zealand’s land area, 
densities are habitat-dependent, range from < 1 to > 20 possums/ha, and their population 
has been estimated recently to be approximately 30 million (80). Possums in New 
Zealand have adapted to new diets and habitats, and have fewer parasites, predators and 
competitors than in Australia, and as a result the density of the possum population in 
New Zealand is between two and twenty times greater than in Australia (20). 
Impacts on the environment and biodiversity 
Possums are listed as one of the world’s worst 100 invasive species (46), and in New 
Zealand are managed for three main reasons – they are agricultural pests, they are 
vectors for disease, and they threaten populations of native plants and animals through 
browsing damage, competition for resources, and predation. In Australia, possum 
browsing causes mostly minor damage to introduced and native forest plantations and 
crops, and possums are a widespread urban nuisance damaging gardens and nesting in 
house roofs (2, 75). In New Zealand, possums are also an urban nuisance, but 
agricultural damage is much more severe, with an estimated US$20 million of economic 
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losses annually to exotic forest plantations, plantings for erosion control, improved 
pastures, and a wide variety of arable and horticultural crops (3, 9, 13). 
Possums in New Zealand, but not Australia, are the main wildlife host of bovine 
tuberculosis, which they transmit to domestic cattle and deer (12). The aim of New 
Zealand’s tuberculosis control programme is to achieve official tuberculosis-free status 
by 2013. In the mid-1980s, about 1,600 cattle and deer herds were infected, but this has 
been reduced to fewer than 140 herds, with a significant part of the reduction due to 
extensive control of possums over more than 6 million hectares (78). 
Browsing damage by possums to native vegetation, which results in extensive tree 
canopy defoliation and mortality, has been described in many areas of New Zealand 
(58, 61). It causes extensive tree canopy defoliation and mortality in the short-term, but 
there is still uncertainty surrounding the possible long-term consequences (4). Such 
impacts have not been recorded in Australia. In New Zealand, selective browsing on 
particular native species and individual trees eliminates some species and favours others 
less palatable to possums, which may lead to gradual change in forest composition (61) 
and effects on ecosystem functioning (84). Possums also have negative impacts on 
native animals. They compete with native birds for seasonal resources, such as fruits, 
and for nest sites with hole-nesting birds (42, 45). They eat eggs, nestlings, and adults of 
a range of native bird species, and prey on rare and endangered invertebrates such as 
giant land snails (8, 69). These combined effects are sufficient to drive some species 
into decline (33, 34). 
Management 
The possum is the most significant mammal pest in New Zealand in terms of control 
expenditure (60), with about US$50 million spent annually, of which about US$30 
million is spent on tuberculosis management. In addition, between 1 million and 2 
million animals are harvested annually for their fur (83). Agencies involved in possum 
management include the Department of Conservation, local government, and the 
Animal Health Board (AHB), with national leadership and co-ordination provided by 
the Ministry of Agriculture and Forestry Biosecurity New Zealand. The Department of 
Conservation manages possums on New Zealand’s national parks and protected lands 
(known collectively as ‘the conservation estate’); local government is responsible for 
controlling possums within their geographical boundaries; and the AHB manages 
possums for the national strategy for bovine tuberculosis management. Many private 
landowners and community conservation groups also carry out possum control. 
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Large-scale possum control, particularly in less accessible areas, uses aerial poisoning 
with baits containing sodium fluoroacetate (1080 toxin), which routinely achieves a 
> 95% kill (56). Ground control is also extensive, using a mix of toxic baits in bait 
stations, and leghold and kill traps. The main toxins used for ground control are 
cyanide, 1080, cholecalciferol, and the anticoagulant brodifacoum (18). Shooting is 
often used by farmers, but is generally ineffective for population control. Non-lethal 
methods such as repellents and tree-guards are employed occasionally (55), and fences 
that are specifically designed to exclude possums and other pest mammals are being 
used increasingly to create pest-free reserves (more information about reserves and pest-
proof fences is available at www.sanctuariesnz.org). 
For tuberculosis management, the aim of control measures is to reduce and maintain 
possum density at the level at which computer models suggest, and historical experience 
indicates, tuberculosis will die out naturally within five years; this is usually a post-
control population of no more than one possum/ha (12). For biodiversity protection 
from possum browsing, post-control target possum densities (measured as the catch per 
100 traps set for one night, expressed as a percentage) vary depending on desired 
outcomes – for example, from as low as 3% trap catch to preserve native mistletoe (77), 
between 7% and 9% trap catch to maintain Northern rata (Metrosideros robusta) forest 
canopy (62), up to 10% trap catch to minimise browsing damage on kohekohe trees 
(Dysoxylum spectabile), and as much as 25% trap catch to maintain common hardwood 
canopy species (59). Protection of native animals from possum predation is more 
complex, and usually requires simultaneous control of a suite of invasive predators, 
including possums, rodents, and mustelids (33). 
Social and environmental issues 
Possum control, particularly aerial control with 1080 toxin, has become increasingly 
contentious (63, 65), despite a recent review and re-approval by New Zealand’s 
Environmental Risk Management Authority (21). The 1080 debate covers a huge range 
of issues; for example, the toxin itself, its widespread aerial delivery, non-target risks to 
indigenous species and hunting resources, environmental contamination, job creation, 
community willingness to pay for alternatives, consultation and involvement in 
decision-making, and risks to the values of indigenous people (Maori). Some of these 
issues also arise when using other methods of possum control, for example, concerns 
have been expressed about brodifacoum residues in native birds (19) and the 
humaneness of traps (82). This has resulted in significant research into the relative 
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humaneness of toxins and traps for possum control (43), so that management agencies 
can make informed choices about control options, and the banning or withdrawal of 
some toxins and control devices. A major research programme is also underway to 
develop fertility control and species-selective toxins for possum control (more 
information about the programme is available at: 
http:\\possumbiocontrol.agresearch.co.nz). 
Recent reviews of pest management in New Zealand have highlighted the need for 
better definition of the desired outcomes of pest management and measurement of the 
actual outcomes of pest management (10, 35). Without robust evidence of benefit, the 
killing of large numbers of possums raises significant ethical concerns (81). When there 
is a high level of uncertainty about the outcome of managing wildlife-resource systems, 
agencies face ethical challenges (49). Warburton and Norton (81) suggest that the only 
defensible action in such situations is to apply a knowledge-based ethic that ensures 
future actions will be carried out with increased understanding. 
Conclusions 
Grey squirrels and brushtail possums are physically and biologically worlds apart, but 
there are some common lessons to be learned from the two case studies and these are 
likely to also hold true for other invasive mammal species. With hindsight it is clear that 
prevention is a better strategy than control, so priority should be given to early 
identification of an invasion and preventing pest establishment. Once this window is 
missed the focus is too often on numbers killed and an emphasis on attempting to 
eradicate the introduced population, when that opportunity has long passed. The focus 
should instead be upon the success of control measures in reducing the impacts of the 
invasive species, be it for the maintenance of biodiversity, human well-being, or 
economic benefit. 
Brushtail possums and grey squirrels both cause problems through the interactions of 
their diseases and parasites with native organisms and livestock, and such problems may 
take a long time to identify and fully understand. Many aspects of the species’ ecologies 
in their introduced ecosystem differ from those in their native ones and there is often 
little quantitative information about the social, environmental and economic impacts of 
pests. Finally, society’s expectations are changing. There is an increasing need for more 
socially acceptable control tools, for example, species-selective bait applicators, 
species-selective toxins and fertility control. Public opinion can have a telling influence 
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on management options and there is a need to inform, educate, and agree on common 
goals with the public when undertaking a management programme. 
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Conséquences de l’introduction d’espèces non indigènes : 
deux études de cas, l’écureuil gris en Europe et le phalanger 
renard en Nouvelle-Zélande 
C. Lawton, P. Cowan, S. Bertolino, P.W.W. Lurz & A.R. Peters 
Résumé 
Les auteurs font le point sur deux exemples d’introduction d’espèces envahissantes non 
indigènes : l’écureuil gris en Europe (Royaume-Uni, Irlande et Italie) et le phalanger 
renard en Nouvelle-Zélande. Après leur introduction, respectivement durant la 
deuxième moitié et la fin du XIXe siècle, ces deux espèces ont colonisé avec succès leurs 
nouveaux habitats. L’impact de ces introductions sur la biodiversité, l’équilibre 
écologique, la sylviculture et l’agriculture est considérable et fait intervenir une série de 
mécanismes directs et indirects différents. Les efforts déployés pour maîtriser ce 
phénomène s’appuient actuellement sur des méthodes létales, en particulier 
l’empoisonnement, le piégeage et l’abattage des animaux capturés, et la chasse. 
Toutefois, ces méthodes de lutte étant de plus en plus controversées pour ces deux 
espèces, des méthodes non létales de gestion des populations sont progressivement 
mises en place, par exemple le contrôle de la fertilité. À partir de ces études de cas, les 
auteurs soulignent un certain nombre de questions liées au contrôle des populations 
animales envahissantes, par exemple : la prévention, préférable aux méthodes de lutte ; 
notre méconnaissance des différents impacts imputables aux invasions et de l’efficacité 
des méthodes de lutte employées pour limiter ces impacts ; l’interaction entre les 
impacts sur la biodiversité locale et ceux affectant les écosystèmes ; l’influence de 
l’opinion publique sur les options de gestion mises en place ; enfin, la nécessité de 
mieux informer le grand public et de le sensibiliser à ces questions. 
Rev. sci. tech. Off. int. Epiz., 29 (2) 11 
Lawton et al grey squirrel brushtail possum2  11/20 
Mots-clés 
Écureuil gris – Espèce envahissante exotique – Phalanger renard – Sciurus carolinensis 
– Transfert – Trichosurus vulpecula. 
Resumen español: título: style B: titre résumés 
Resumen: style normal bold 
Style Normal for text 
Palabras clave: style normal bold 
Style Normal for text 
References 
 1. Anon. (2003). – Towards a Forestry Commission England Grey Squirrel 
Policy. Department for Environment, Food and Rural Affairs, London, United 
Kingdom. Available at: www.forestry.gov.uk/pdf/greysquirrel-
annex.pdf/$FILE/greysquirrel-annex.pdf. 
 2. Barnett J.L., How R.A. & Humphreys W.F. (1976). – Possum damage to pine 
plantations in north-eastern New South Wales. Aust. For. Res., 7, 185-195. 
 3. Batcheler C.L. & Cowan P.E. (1988). – Review of the status of the possums 
(Trichosurus vulpecula) in New Zealand. Report for the Technical Advisory Committee 
(Animal Pests). Ministry of Agriculture and Fisheries, Wellington, 129 pp. 
 4. Bellingham P.J. & Lee W.G. (2006). – Distinguishing natural processes from 
impacts of invasive mammalian herbivores. In Biological invasions in New Zealand 
(R.B. Allen & W.G. Lee, eds). Springer-Verlag, Berlin Heidelberg, 323-336. 
 5. Bertolino S. (2009). – Animal trade and non-indigenous species introduction: 
the world-wide spread of squirrels. Diversity and Distribution, 15, 701-708. 
 6. Bertolino S. & Genovesi P. (2003). – Spread and attempted eradication of the 
grey squirrel (Sciurus carolinensis) in Italy, and consequences for the red squirrel 
(Sciurus vulgaris) in Eurasia. Biol. Conserv., 109, 351-358. 
Rev. sci. tech. Off. int. Epiz., 29 (2) 12 
Lawton et al grey squirrel brushtail possum2  12/20 
 7. Bertolino S., Lurz P.W.W., Sanderson R. & Rushton S.P. (2008). – Predicting 
the spread of the American grey squirrel (Sciurus carolinensis) in Europe: a call for a 
co-ordinated European approach. Biol. Conserv., 141, 2564-2575. 
 8. Brown K., Innes J. & Shorten R. (1993). – Evidence that possums prey on and 
scavenge birds’ eggs, birds and mammals. Notornis, 40, 169-177. 
 9. Butcher S. (2000). – Impact of possums on primary production. In The 
brushtail possum: biology, impacts and management of an introduced marsupial (T. 
Montague, ed.). Manaaki Whenua Press, Lincoln, New Zealand, 105-110. 
 10. Clayton R.I. & Cowan P.E. (2009). – Best practice operational and outcome 
monitoring for pest management: a review of existing council approaches and activity. 
Landcare Research Contract Report LC0809/085. Landcare Research, Lincoln, New 
Zealand. 
 11. Clout M. & Ericksen K. (2000). – Anatomy of a disastrous success: the 
brushtail possum as an invasive species. In The brushtail possum: biology, impacts and 
management of an introduced marsupial (T. Montague, ed.). Manaaki Whenua Press, 
Lincoln, New Zealand, 1-9. 
 12. Coleman J. & Caley P. (2000). – Possums as a reservoir of bovine Tb. In The 
brushtail possum: biology, impacts and management of an introduced marsupial (T. 
Montague, ed.). Manaaki Whenua Press, Lincoln, New Zealand, 92-104. 
 13. Cowan P.E. (1993). – Environmental pests: how can we identify the values at 
risk? N.Z. J. Zool., 20, 279-283. 
 14. Cowan P. (2005). – Brushtail possum. In The handbook of New Zealand 
mammals. 2nd Ed. (C.M. King, ed.). Oxford University Press, Auckland, New Zealand, 
56-80. 
 15. Cowan P. & Clout M. (2000). – Possums on the move: activity patterns, 
home ranges, and dispersal. In The brushtail possum: biology, impacts and management 
of an introduced marsupial (T. Montague, ed.). Manaaki Whenua Press, Lincoln, New 
Zealand, 24-34. 
Rev. sci. tech. Off. int. Epiz., 29 (2) 13 
Lawton et al grey squirrel brushtail possum2  13/20 
 16. Day T., O’Connor C. & Matthews L. (2000). – Possum social behaviour. In 
The brushtail possum: biology, impacts and management of an introduced marsupial (T. 
Montague, ed.). Manaaki Whenua Press, Lincoln, New Zealand, 35-46. 
 17. Delahay R.J., Smith G.C., Barlow A.M., Walker N., Harris A., Clifton-
Hadley R.S. & Cheeseman C.L. (2007). – Bovine tuberculosis infection in wild 
mammals in the south-west region of England: a survey of prevalence and a semi-
quantitative assessment of the relative risks to cattle. Vet. J., 173, 287-301. 
 18. Eason C., Warburton B. & Henderson R. (2000). – Toxicants used for 
possum control. In The brushtail possum: biology, impacts and management of an 
introduced marsupial (T. Montague, ed.). Manaaki Whenua Press, Lincoln, New 
Zealand, 154-163. 
 19. Eason C.T., Milne L., Potts M., Morris G., Wright G.R.G. & Sutherland 
O.R.W. (1999). – Secondary and tertiary poisoning risks associated with brodifacoum. 
N.Z. J. Ecol., 23, 219-224.  
 20. Efford M. (2000). – Possum density, population structure and dynamics. In 
The brushtail possum: biology, impacts and management of an introduced marsupial (T. 
Montague, ed.). Manaaki Whenua Press, Lincoln, New Zealand, 47-61. 
 21. Environmental Risk Management Authority – New Zealand (2009). – Hazard 
substances: 1080. Available at: 
http://www.ermanz.govt.nz/hs/1080resources/index.html (accessed on 24 April 2009).. 
 22. Fletcher T. & Selwood L. (2000). – Possum reproduction and development. 
In The brushtail possum: biology, impacts and management of an introduced marsupial 
(T. Montague, ed.). Manaaki Whenua Press, Lincoln, New Zealand, 62-81. 
 23. Fuller R.J., Noble D.G., Smith K.W. & Vanhinsbergh D. (2005). – Recent 
declines in populations of woodland birds in Britain: a review of possible causes. Br. 
Birds, 98, 116-143. 
 24. Genovesi P. & Bertolino S. (2001). – Human dimension aspects in invasive 
alien species issues: the case of the failure of the grey squirrel eradication project in 
Italy. In The great reshuffling: human dimensions of invasive alien species (J.A. 
McNeely, ed.), International Union for Conservation of Nature, Gland, Switzerland and 
Cambridge, 113-119. 
Rev. sci. tech. Off. int. Epiz., 29 (2) 14 
Lawton et al grey squirrel brushtail possum2  14/20 
 25. Genovesi P. & Bertolino S. (2009). – Species account of the 100 of the most 
invasive alien species in Europe: Sciurus carolinensis, Gmelin, grey squirrel (Sciuridae, 
Mammalia). In Handbook of alien species in Europe (DAISIE – Delivering Alien 
Invasive Species Inventories for Europe – eds), Springer, Dordrecht, 371. 
 26. Gmelin J.F. (1788). – Caroli a Linne Systema Naturae. 13th Ed., George 
Emanuel Beer, Leipzig, 120 pp. 
 27. Gurnell J. (1983). – Squirrel numbers and the abundance of tree seeds. 
Mammal Rev., 13, 133-148. 
 28. Gurnell J., Kenward R.E. & Lurz P.W.W. (2008). – Grey squirrel Sciurus 
carolinensis. Mammals of the British Isles: Handbook. 4th Ed. (S. Harris & D.W. 
Yalden, eds). The Mammal Society, Southampton. 
 29. Gurnell J., Rushton S.P., Lurz P.W.W., Sainsbury A.W., Nettleton P., Shirley 
M.D.F., Bruemmer C. & Geddes N. (2006). – Squirrel poxvirus: landscape scale 
strategies for managing disease threat. Biol. Conserv., 131, 287-295. 
 30. Gurnell J., Wauters L.A., Lurz P.W.W. & Tosi G. (2004). – Alien species and 
interspecific competition: effects of introduced eastern grey squirrels on red squirrel 
population dynamics. J. anim. Ecol., 73, 26-35. 
 31. Gurnell J., Wauters L.A., Preatoni D. & Tosi G. (2001) – Spacing behaviour, 
kinship, and population dynamics of grey squirrels in a newly colonized broadleaf 
woodland in Italy. Can. J. Zool., 79, 1533-1543. 
 32. Hewson C., Fuller R., Mayle B. & Smith K. (2004). – Possible impacts of 
grey squirrels on birds and other wildlife. Br. Wildl., 183-191. 
 33. Innes J., Nugent G., Prime K. & Spurr E.B. (2004). – Responses of kukupa 
(Hemiphaga novaeseelandiae) and other birds to mammal pest control at Motatau, 
Northland. N.Z. J. Ecol., 28, 73-81. 
 34. James R.E. & Clout M.N. (1996). – Nesting success of New Zealand pigeons 
(Hemiphaga novaeseelandiae) in response to a rat (Rattus rattus) poisoning programme 
at Wenderholm Regional Park. N.Z. J. Ecol., 20, 45-51. 
 35. Jones C. (2008). – Performance measurement in New Zealand pest 
management. A review of national and international processes and requirements for a 
Rev. sci. tech. Off. int. Epiz., 29 (2) 15 
Lawton et al grey squirrel brushtail possum2  15/20 
national performance measurement framework. Landcare Research Contract Report 
LC0809/015. Landcare Research, Lincoln, New Zealand. 
 36. Kenward R.E. (1983). – The causes of damage by red and grey squirrels. 
Mammal Rev., 13, 159-166. 
 37. Kerle J.A. (1984). – Variation in the ecology of Trichosurus: its adaptive 
significance. In Possums and gliders (A. Smith & I. Hume, eds). Surrey Beatty, New 
South Wales, 115-128. 
 38. Kerr R. (1792). – The animal kingdom, or zoological system, of the 
celebrated Sir Charles Linnaeus; class I: Mammalia (J. Murray & R. Faulder, eds). 
London, 664 pp. 
 39. Koprowski J.L. (1994). – Sciurus carolinensis. Mammalian species., 480, 1-
9. The American Society of Mammalogists. 
 40. Lawton C. (2004). – Controlling grey squirrel damage in Irish broadleaved 
woodlands. In Silviculture/Management, No. 7. Coford connects. National Council for 
Forest Research and Development [COFORD], Department of Agriculture, Fisheries 
and Food, Dublin. 
 41. Lawton C. & Rochford J. (2007). – The recovery of grey squirrel (Sciurus 
carolinensis) populations after intensive control programmes. Biol. Environ. Proc. Roy. 
Irish Acad., 107 (1), 19-29. 
 42. Leathwick J.R., Hay J.R. & Fitzgerald A.E. (1983). – The influence of 
browsing by introduced mammals on the decline of the North Island kokako. N.Z. J. 
Ecol., 6, 55-70. 
 43. Littin K.E., Mellor D.J., Warburton B. & Eason C.T. (2004). – Animal 
welfare and ethical issues relevant to the humane control of vertebrate pests. N.Z. vet. J., 
52, 1-10. 
 44. Lloyd H.G. (1983). – Past and present distribution of red and grey squirrels. 
Mammal Rev., 13, 69-80. 
 45. Lovegrove T. (1985). – Saddlebacks on Kapiti Island: Fourth Annual Report, 
1984-85 Season. Report to Department of Lands and Survey, New Zealand. 
Rev. sci. tech. Off. int. Epiz., 29 (2) 16 
Lawton et al grey squirrel brushtail possum2  16/20 
 46. Lowe S., Browne M., Boudjelas S. & De Poorter M. (2000). – 100 of the 
world’s worst invasive alien species: a selection from the global invasive species 
database. Published by the Invasive Species Specialist Group, a specialist group of the 
Species Survival Commission of the International Union for Conservation of Nature, 12 
pp. 
 47. Lurz P.W.W., Gurnell J. & Magris L. (2005). – Sciurus vulgaris. Mammalian 
Species, 769, 1-10. 
 48. Lurz P.W.W., Rushton S.P., Wauters L.A., Bertolino S., Currado I., 
Mazzoglio P. & Shirley M.D.F. (2001). – Predicting grey squirrel expansion in North 
Italy: a spatially explicit modelling approach. Landscape Ecol., 16, 407-420. 
 49. McEwen G. (2008) – The challenge posed by feral animals. Reform 91, 30-
36. 
 50. McInnes C.J., Wood A.R., Thomas K., Sainsbury A.W., Gurnell J., Dein F.J. 
& Nettleton P.F. (2006). – Genomic characterisation of a novel poxvirus contributing to 
the decline of the red squirrel (Sciurus vulgaris) in the UK. J. gen. Virol., 87, 2115-
2125. 
 51. Mayle B., Pepper H. & Ferryman M. (2003). – Controlling grey squirrel 
damage to woodlands. Forestry Commission Practice Note 4, 16 pp. 
 52. Middleton A.D. (1930). – Ecology of the American gray squirrel in the 
British Isles. Proc. zool. Soc. Lond., 809-843. 
 53. Millar J.C.G. (1980). – Aspects of the ecology of the American grey squirrel 
Sciurus carolinensis Gmelin in South Africa. MS Thesis, University of Stellenbosch, 
South Africa, 313 pp. 
 54. Moller H. (1983). – Foods and foraging behaviour of red (Sciurus vulgaris) 
and grey (Sciurus carolinensis) squirrels. Mammal Rev., 13, 81-98. 
 55. Montague T. & Warburton B. (2000). – Non-toxic techniques for possum 
control. In The brushtail possum: biology, impacts and management of an introduced 
marsupial (T. Montague, ed.). Manaaki Whenua Press, Lincoln, New Zealand, 164-174. 
Rev. sci. tech. Off. int. Epiz., 29 (2) 17 
Lawton et al grey squirrel brushtail possum2  17/20 
 56. Morgan D. & Hickling G. (2000). – Techniques used for poisoning possums. 
In The brushtail possum: biology, impacts and management of an introduced marsupial 
(T. Montague, ed.). Manaaki Whenua Press, Lincoln, New Zealand, 143-153. 
 57. Mountford E.P. (1997). – A decade of grey squirrel bark stripping damage to 
beech in Lady Park Wood, UK. Forestry, 70, 17-29. 
 58. Norton D. (2000). – Benefits of possum control for native vegetation. In The 
brushtail possum: biology, impacts and management of an introduced marsupial (T. 
Montague, ed.). Manaaki Whenua Press, Lincoln, New Zealand, 232-240. 
 59. Nugent G., Fraser W. & Sweetapple P. (2001). – Top down or bottom up? 
Comparing the impacts of introduced arboreal possums and ‘terrestrial’ ruminants on 
native forests in New Zealand. Biol. Conserv., 99, 65-79. 
 60. Parkes J. & Murphy E. (2005). – Management of introduced mammals in 
New Zealand. N.Z. J. Zool., 30, 335-359. 
 61. Payton I. (2000). – Damage to native forests. In The brushtail possum: 
biology, impacts and management of an introduced marsupial (T. Montague, ed.). 
Manaaki Whenua Press, Lincoln, New Zealand, 111-125. 
 62. Payton I.J., Forester L., Frampton C.M. & Thomas M.D. (1997). – Response 
of selected tree species to culling of introduced Australian brushtail possums 
Trichosurus vulpecula at Waipoua forest, Northland, New Zealand. Biol. Conserv., 81, 
247-255. 
 63. Philp M. (2009). – A toxic debate. North and South, 276, 57-65. 
 64. Pietsch R.S. (1994). – The fate of urban common brushtail possums 
translocated to sclerophyll forest. In Reintroduction biology of Australian and New 
Zealand fauna (M. Serena, ed.). Surrey Beatty, New South Wales, 236-246. 
 65. Potts A. (2009). – Kiwis against possums: a critical analysis of anti-possum 
rhetoric in Aotearoa New Zealand. Soc. Anim., 17, 1-20. 
 66. Pracy L.T. (1974) – Introduction and liberation of the opossum (Trichosurus 
vulpecula) into New Zealand, 2nd Ed. New Zealand Forest Service Information Series, 
No. 45, 1-28. 
Rev. sci. tech. Off. int. Epiz., 29 (2) 18 
Lawton et al grey squirrel brushtail possum2  18/20 
 67. Rushton S.P., Gurnell J., Lurz P.W.W. & Fuller R.M. (2002). – Modeling 
impacts and costs of grey squirrel control regimes on the viability of red squirrel 
populations. J. Wildl. Manag., 66, 683-697. 
 68. Rushton S.P., Lurz P.W.W., Gurnell J., Nettleton P., Bruemmer C., Shirley 
M.D.F. & Sainsbury A.W. (2006). – Disease threats posed by alien species: the role of a 
poxvirus in the decline of the native red squirrel in Britain. Epidemiol. Infect., 134, 521-
533. 
 69. Sadleir R. (2000). – Evidence of possums as predators of native animals. In 
The brushtail possum: biology, impacts and management of an introduced marsupial (T. 
Montague, ed.). Manaaki Whenua Press, Lincoln, New Zealand, 126-131. 
 70. Sainsbury A.W., Deaville R., Lawson B., Cooley W.A., Farelly S.S.J., Stack 
M.J., Duff P., McInnes C.J., Gurnell J., Russel P.H., Rushton S.P., Pfeiffer D.U., 
Nettleton P. & Lurz P.W.W. (2008). – Poxviral disease in red squirrels Sciurus vulgaris 
in the UK: spatial and temporal trends of an emerging threat. Ecohealth, 5, 305-316. 
 71. Sainsbury A.W., Nettleton P., Gilray J. & Gurnell J. (2000). – Grey squirrels 
have high seroprevalence to a parapox virus associated with deaths in red squirrels. 
Anim. Conserv., 3, 229-233. 
 72. Seebeck J.H. (1984). – The eastern grey squirrel, Sciurus carolinensis, in 
Victoria. Victorian Naturalist, 101, 61-66. 
 73. Signorile A.L. & Evans J. (2007). – Damage caused by the American grey 
squirrel (Sciurus carolinensis) to agricultural crops, poplar plantations and semi-natural 
woodland in Piedmont, Italy. Forestry, 80, 89-98. 
 74. Strahan R. (ed.) (1983). – The complete book of Australian mammals. Angus 
& Robertson, Sydney. 
 75. Statham H.L. (1984). – The diet of Trichosurus vulpecula (Kerr) in four 
Tasmanian forests. In Possums and gliders (A. Smith & I. Hume, eds). Surrey Beatty, 
New South Wales, 213-219. 
 76. Statham M. & Statham H.L. (1997). – Movements and habits of brushtail 
possums (Trichosurus vulpecula Kerr) in an urban area. Wildl. Res., 24, 715-726. 
Rev. sci. tech. Off. int. Epiz., 29 (2) 19 
Lawton et al grey squirrel brushtail possum2  19/20 
 77. Sweetapple P., Nugent G., Whitford J. & Knightbridge P.I. (2002). – 
Mistletoe (Tupeia antarctica) recovery and decline following possum control in a New 
Zealand forest. N.Z. J. Ecol., 26, 61-71. 
 78. TBfree New Zealand (2009). – NPMS [National Pest Management Strategy 
for Bovine Tuberculosis] Progress. Available at: http:\\tbfree.ahb.org.nz (accessed 24 
April 2009). 
 79. Tompkins D.M., White A.R. & Boots M. (2003). – Ecological replacement of 
native red squirrels by invasive greys driven by disease. Ecol. Letters, 6, 189-196. 
 80. Warburton B., Cowan P. & Shepherd J. (2009). – How many possums are now 
in New Zealand following control and how many would be there without it?  Landcare 
Research Contract Report LC0910/060. Landcare Research, Lincoln, New Zealand. 
 81. Warburton B. & Norton B.G. (2009). – Towards a knowledge-based ethic for 
lethal control of nuisance wildlife. J. Wildl. Manag., 73, 158-164. 
 82. Warburton B. & Poutu N. (2008). – Effectiveness of chain-springs on leghold 
traps for reducing injuries to captured brushtail possums (Trichosurus vulpecula). N.Z. 
J. Zool., 35, 147-150. 
 83. Warburton B., Tocher G. & Allen N. (2000). – Possums as a resource. In The 
brushtail possum: biology, impacts and management of an introduced marsupial (T. 
Montague, ed.). Manaaki Whenua Press, Lincoln, New Zealand, 251-261. 
 84. Wardle D.A. (2006). – Hidden effects: the belowground consequences of 
introduced browsing mammals in New Zealand. In Biological invasions in New 
Zealand (R.B. Allen & W.G. Lee, eds). Springer-Verlag, Berlin Heidelberg, 307-322. 
 85. Watt H.B. (1923). – The American grey squirrel in Ireland. Irish Naturalist 
J., 32, 65. 
 86. Wauters L.A. & Gurnell J. (1999). – The mechanism of replacement of red 
squirrels by grey squirrels: a test of the interference competition hypothesis. Ethology, 
105, 1053-1071. 
 87. Wauters L.A., Gurnell J., Martinoli A. & Tosi G. (2001). – Does interspecific 
competition with introduced grey squirrels affect foraging and food choice of Eurasian 
red squirrels? Anim. Behav., 61, 1079-1091. 
Rev. sci. tech. Off. int. Epiz., 29 (2) 20 
Lawton et al grey squirrel brushtail possum2  20/20 
 88. Wauters L.A., Gurnell J. & Martinoli A. (2002). – Interspecific competition 
between native Eurasian red squirrels and alien grey squirrels: does resource 
partitioning occur? Behav. Ecol. Sociobiol., 52, 332-341. 
 89. Wauters L.A., Lurz P.W.W. & Gurnell J. (2000). – Interspecific effects of 
grey squirrels (Sciurus carolinensis) on the space use and population demography of red 
squirrels (Sciurus vulgaris) in conifer plantations. Ecol. Res., 15, 271-284. 
 90. Wauters L.A., Tosi G. & Gurnell J. (2002). – Interspecific competition in tree 
squirrels: do introduced grey squirrels (Sciurus carolinensis) deplete tree seeds hoarded 
by red squirrels (S. vulgaris)? Behav. Ecol. Sociobiol., 51, 360-367. 
 91. Webley G.E. & Johnson E. (1983). – Reproductive physiology of the grey 
squirrel (Sciurus carolinensis). Mammal Rev., 13, 149-154. 
 92. Wodzicki K.A. (1950). – Introduced mammals of New Zealand: an ecological 
and economic survey. N.Z. Dept. Sci. Indust. Res. Bull., 98, 1-255. 
 93. Wood D.J., Koprowski J.L. & Lurz P.W.W. (2007). – Tree squirrel 
introduction: a theoretical approach with population viability analysis. J. Mammalogy, 
88, 1271-1279. 
__________ 
